Co-culture induces mesenchymal stem cell differentiation and modulation of the degenerate human nucleus pulposus cell phenotype.
While mesenchymal stem cell (MSC)-based therapies for repair of the degenerate intervertebral disc (IVD) have been proposed, the interaction of MSCs with cells of the degenerate IVD has not been fully investigated. Therefore, it is unclear whether implanted MSCs would differentiate into nucleus pulposus (NP) cells and/or stimulate endogenous NP cells. Here, we investigate the differences in interaction between human MSCs and NP cells from both nondegenerate and degenerate discs during in vitro co-culture with direct cell-cell contact. Human bone marrow-derived MSCs (labeled with CFDA) were co-cultured with direct cell-cell contact in monolayer with NP cells obtained from nondegenerate or degenerate human NP tissue from lumbar IVDs at 50:50 ratios for 7 days. Differentiation of MSCs and changes of matrix-associated genes in NP cells were assessed by quantitative real-time PCR. MSCs differentiated to an NP-like phenotype following direct co-culture with both nondegenerate and degenerate NP, as shown by a significant upregulation of SOX9, type VI collagen, aggrecan and versican gene expression together with a simultaneous upregulation of CDMP-1, TGF-β1, IGF-1 and CTGF. Direct co-culture of normal NP cells with MSCs had no effect on the phenotype of normal NP cells, while co-culture with degenerate NP cells resulted in enhanced matrix gene expression in degenerate NP cells, accompanied by increases in both TGF-β and CDMP-1 gene expression. Importantly for MSC-based therapies for repair of the degenerate IVD, these data suggest that cellular interactions between MSCs and degenerate NP cells may both stimulate MSC differentiation to an NP-like phenotype and also stimulate the endogenous NP cell population to regain a nondegenerate phenotype and consequently enhance matrix synthesis for self-repair.